Separating the impacts of climate change and human activity on actual evapotranspiration (ET) is important for reducing comprehensive risk and improving the adaptability of water resource systems. In this study, the spatiotemporal distribution of actual ET in the Aksu River Basin, Northwest were detected in the arable land and forest land time series, respectively; (2) precipitation was the most significant of the selected climate factors (precipitation, average temperature, sunshine duration, and wind speed) for all ecosystems. The second most significant was wind speed; (3) human activity caused 89%, 98%, and 80% of the changes in actual ET of forest, grass, and arable land, respectively, while climate change caused 11%, 2%, and 20% of the changes in actual ET, in the Aksu River Basin during 2000-2015. 
INTRODUCTION
Evapotranspiration (ET) is a significant hydrological factor associated with energy balance and water budget that represents water consumption (Liu et al. ; Chen et al. ) , but is difficult to evaluate at the catchment scale (Liu et al. ) . The accurate assessment of ET plays an important role in effective water resource management (Yeh et al. ) and in the quantification of water resource carrying capacity (Loucks ) . Generally, ET estimation at the basin scale is based on land surface hydrologic models combined with weather data (e.g., Wood et al. ) , landatmosphere models with reanalysis, or remote sensing Table 1 . 
MODIS-NDVI data
where Δ, f t , and f w are the slope of the saturation vapor pressure temperature relationship (kPa/ C), the temperature stress factor, and the water stress factor, respectively. oration, as in Equation (3).
where E sp , E ex , R ns , and G are the potential evaporation of the surface (mm), the leakage rate of soil water (mm), the net radiation absorbed by the soil, and the soil heat flux, respectively. In addition, S is the desorptivity (mm/day 0.5 ), generally affected by soil texture, porosity, and other factors; it ranges from 3 mm/day 0.5 to 5 mm/day 0.5 (Choudhury & Digirolamo ) . This study selected an S value of 3 mm/day 0.5 . Meanwhile, f c is the coverage of surface vegetation, which can be obtained from Equation (6):
where NDVI max and NDVI min are the maximum NDVI and minimum NDVI values, respectively. In this formula, a is the empirical value, ranging from 0.6 to 1.25, which was defined as 0.6 in this study.
Water balance model
Similar to the WB model at the catchment scale, the equivalent actual ET in the Aksu River Basin is established according to:
where ET is actual ET (mm), and P (mm), R in (mm), R out (mm), and ΔS (mm) represent precipitation, inflow, outflow, and changes in the terrestrial water storage of the basin, respectively. Because the multiple annually averaged changes in terrestrial water storage can be regarded as zero, Equation (8) can be simplified as:
For this study in the Aksu River Basin, two hydrological stations (Shaliguilanke and Xiehela) in the mountainous region were defined as inflow stations, and one station (Xidaqiao) was defined as the outflow station.
Separating the impacts of climate change and human activity
To separate the impacts of climate change and human activity, possible changes in actual ET derived from land use changes were included as impacts of human activity.
The difference between the two actual ET trends derived from the two VIP model simulations was attributed to changes in land use, as follows: 
where a i , X ids , and Y ds are the regression coefficients of climate factors, the normalized detrended climate factors, and the normalized detrended actual ET, respectively. 
where X is_trend , Q c, Y s_trend , Y trend , and Q ac are the trend of normalized climate factors, the climatic contribution to the trend of normalized actual ET, the trend of normalized actual ET, the trend of actual ET, and the actual climatic contribution to the trend of actual ET, respectively.
The remaining trend of actual ET after removing the climatic contribution can be attributed to human activity (i.e., irrigation, fertilization, grazing, and management practices, among others), and can be quantified as follows (Lobell & Asner ):
where Q h and Q ah are the contribution of human activities to the trend of normalized ET and the actual contribution of human activities to the trend of ET, respectively.
In addition, the relative contributions of climate change and human activity are calculated as:
where RC c and RC h are the relative contributions of climate change and human activity, respectively.
RESULTS AND DISCUSSION LUCC in the Aksu River Basin
Land use changes in the Aksu River Basin were investi- It is notable that there was a difference of 0.5, 0.3, and À0.002 mm/a/a in the results of the VIP model for forest, grass, and arable land cover. This means that LUCC contributed 17.6%, 43.3%, and 0.08% to actual ET for forest, grass, and arable land, respectively.
Separating the impact of climate change and human activity on water consumption in the Aksu River Basin
The VIP model was driven by multiple factors: P, T a , T mx ,
T mn , AP, RH, WS, and SD. Thus, the analysis of their impacts on ET is important to quantify the contribution of climate change to actual ET. However, Chen et al. () concluded that there were significant auto-correlations among these climate factors. Thus, it was necessary to check the correlation among climate factors prior to multiple regression. The simple correlation coefficients and their significance levels for every two original climate factors and detrended climate factors for forest land, grassland, and arable land are displayed in Figure 7 . T a ,
T mn , and T mx agree well with each other at the 95% significance level, as does RH with WS and T a with AP. Ukkola & Prentice () and Cao et al. () reported that SD, T a , P, RH, and WS were the key climate factors influencing ET; thus, T mn , T mx , AP, and RH were not considered in the study. Subsequently, the relationships between ET and the above climate factors (i.e., P, T a , SD, and WS) were analyzed for the Aksu River Basin.
To obtain the multiple regression models, both the climate factors and actual ET were detrended. Figure 8 depicts the percentile distribution of the original annual actual ET and detrended actual ET for different ecosystems in the Aksu River Basin during 2000 -2015 shows that the actual ET of arable land is the highest, while Figure 8 (b) shows that the detrended actual ET of arable land exhibits the narrowest range. This result means that the impact from climate change on actual ET was evident for arable land, but unclear for grassland. The normalized regression coefficients for the multiple linear regression model are shown in Table 2 . P was most significant among the selected climate factors (P, T a , SD, and WS) for all ecosystems, and WS was the second most important. T a and SD displayed varying significance for different ecosystems.
Based on the method of Nicholls () and Chen et al.
(), the contribution of LUCC to actual ET was incorporated into the evaluation. The contributions of climate change and human activity to actual ET in the Aksu River Basin are shown in Table 3 . The results indicate that human activity dominated actual ET changes in the Aksu The major conclusions are as follows. 
